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Large  Aperture  Seismi-  Telemetering  System  for  Central  Alaska 

by 

Eduard  Berg,  Norbert  Sperlich  and  William  Feetham 

ABSTRACT 

The  Geophysical  Institute  has  established  and  now  operates  a  large  aperture 
seismic  telemeter  network  '.n  Alaska.  At  present  four  stations  axe  operated 
and  two  more  will  be  added  shortly. 

The  system  is  described  in  its  technical  details,  including  the  remote 
site  equipment  and  the  method  of  recording  at  the  Geophysical  Institute. 

Without  the  use  of  methods  for  improving  sigral-to-noise  ratio  (such  as 
velocity  and/or  frequency  filtering)  the  sensitivity  of  the  seismic  stations 
for  detecting  distant  earthquakes  is  similar  to  that  of  the  U.S.C.&G.S. 
College  Observatory.  This  sensitivity  allows  recording  of  earthquakes 
down  to  magnitude  k  (U.S.C.&G.S.  magnitude)  in  the  80°  distant  range. 

Epicenter  maps  for  three  1-month  periods  for  interior  and  coastal  Alaska 


INTRODUCTION 


The  State  of  Alaska,  especially  in  the  coastal  ranges,  the  Alaska 
Range  and  the  Aleutian  Chain,  is  one  of  the  most  active  seismic  belts  in 
the  United  States  and  the  circum-Pacif ic  structures.  Prior  to  the  March  28, 
1964  earthquake,  coverage  with  seismic  stations  was  extremely  poor  compared 
with  similar  or  less  active  regions  within  the  United  States  or  other  parts 
of  the  world.  The  only  installation  worthy  of  note  was  the  U.  S.  Coast 
and  Geodetic  Survey  College  Station  which  has  proved  to  be  one  of  the 
best  in  the  world.  Since  the  destructive  earthquake,  university  groups 
and  other  government  agencies  have  devoted  much  attention  to  seismic  re¬ 
search  in  Alaska.  The  Earthquake  Prediction  Report  to  the  President 
(September  1965)  has  selected  this  region  and  California  for  a  ten-year 
effort  towards  better  understanding  and  eventual  prediction  of  major 
disastrous  earthquakes. 

The  present  program  at  the  Geophysical  Institute  of  the  University 
of  Alaska  was  established  prior  to  the  earthquake.  It  was  intended  to  fill 
partially  the  existing  gup  in  seismographic  coverage  and  to  initiate  a 
solid-earth  geophysical  research  effort.  The  first  generation  seismic 
network  consisted  of  conventional  recording  stations  at  Tanana  (TNi\T)« 
McKinley  (MCK)  and  Black  Rapids  (BLR)  (see  Fig.  1),  while  records  from 
the  World  Wide  Standard  System  of  the  U.  S.  Coast  and  Geodetic  Obsarvatory 
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at  College  were  also  made  available.  The  operation  of  the  conventional 
stations  with  partly  obsolete  equipment  proved  tedious  and  expensive  under 
the  extreme  climatic  conditions  (Berg,  1966).  In  the  present  paper  the 
second  generation  of  equipment  and  its  operation  will  be  described.  Past 
experience  with  the  conventional  stations  and  from  field  operation  during 
seistnological  investigations  in  the  very  remote  area  of  the  Katmai  volcanoes 
suggested  the  design  philosophy  for  the  present  telemeter  network.  Con¬ 
siderable  experience  for  the  selection  of  very  low  noise  sites  was  gained 
during  "Operation  Longshot",  the  recording  of  an  underground  nuclear  blast 
in  the  Aleutian  Arc. 

The  present  seismic  system  was  planned  in  detail  by  the  end  of  1965 
and  was  put  into  operation  in  the  winter  months  of  1966-1967.  It  possesses, 
as  far  as  is  known,  the  largest  aperture  in  the  U.  S.  (745  km).  However, 
a  still  larger  system  is  presently  under  construction  for  tsunami  warning 
purposes  by  the  U.  S.  Coast  and  Geodetic  Survey.  In  comparison,  the 
University  of  California  network  at  Berkeley  spans  about  320  km.  The 
sensitivity  is  high  enough  to  identify  earthquakes  of  Richter  magnitudes 
4  to  4^  in  many  areas  of  the  world,  whereas  practically  all  earthquakes 
in  the  world  over  magnitude  5  to  5^  are  recorded.  It  also  was  found  that 
the  signals  of  the  P-wave  ar~ivals  are  usually  very  coherent  through  this 
telemeter  network,  a  factor  very  important  for  the  detection  of  small  events 
in  the  presence  of  the  seismic  noise  background  (Abramson,  1963).  The 
high  sensitivity  is  due  to  twe  important  factors:  site  selection  and 
equipment  response  below  1  cycle/sec. 
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BASIC  REQUIREMENTS 


The  present  system  wag  built  primarily  fcr  local  earthquake  research 
in  Alaska,  Including  the  volcanic  area  of  the  Alaskan  Peninsula;  although 
readings  of  teleseisms  ore  made  available  on  a  daily  basis  to  the  U.  S. 

Coast  and  Geodetic  Survey  for  use  in  their  epicenter  location  program. 

The  basic  requirements  of  the  system  therefore  are  dominated  by  the 
necessity  of  recording  lc^al  earthquakes  over  a  rather  large  area  and  in 
a  broad  magnitude  range. 

Noise 

A  prime  requirement  for  an  efficient  short  period  seismograph  station 
is  a  low  noise  background  in  the  frequency  band  of  operation  (Carder,  1963). 
Since  this  background  is  continuous  in  nature,  we  tried  to  reduce  its 
effects  by:  (1)  Selecting  a  station  site  where  noise  is  low,  remote  from 
man  made  disturbances  and  located,  as  far  as  possible,  in  regions  which 
experience  relatively  little  wind.  (2)  Careful  selection  of  the  high  and 
low  frequency  cutoff  points  in  the  equipment.  Alaska  is  characterized  by 
strong  roicrcseisms  in  the  2  to  4  sec  period  range,  which  effectively  limit 
the  maximum  gain  of  the  world  wide  standard  system  in  College  to  around 
100,000  at  0.5  sec;  whereas,  using  equipment  described  in  this  report,  the 
Pedro  Dome  station  (PJD)  operates  at  a  gain  of  over  250,000  at  1  cycle/sec. 
Carder  (1963)  indicates  (p.  11)  microseismic  noise  levels  of  60  mu  at  5  sec 
and  11  my  at  2  sec  for  College.  We  found  that  this  value  corresponds 
rather  to  a  minimum  of  microseismic  activity  in  that  area;  the  usual 
amplitude  at  2  sec  period  being  closer  to  20  to  25  m  (peak  to  peak). 
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Components 


It  was  decided  that  a  greater  benefit  would  derive  from  having  a 
larger  number  of  stations  with  a  single  vertical  component,  rather  than 
a  greatly  reduced  number  of  stations  with  3  components  for  the  same  amount 
of  investment  (for  present  distribution  see  Fig.  1). 

Reliability 

Since  most  of  the  telemeter  stations  will  be  required  to  operate  under 
extreme  climatic  conditions  (air  temperatures  may  reach  -50°C  in  sorv  areas) 
and  unattended  for  long  periods,  high  reliability  components  are  a  prime 
requirement.  In  addition,  failure-free  operation  diminishes  drastically 
the  labor  and  travel  cost,  and  is  essential  if  for  no  other  reason  than  the 
fact  that  the  seismometers  are  inaccessible  during  the  winter  months. 
Flexibility 

One  of  the  most  effective  cost  redactions  has  been  achieved  by  using 
the  same  equipment  for  all  new  stations.  In  this  way,  no  handling  or 
calibration  difficulties  arise  from  the  use  of  different  kind  of  seismo¬ 
meters,  amplifiers,  voltage  controlled  oscillators,  etc.  In  addition, 
variations  in  calibration  amplitudes  resulting  from  interchange  of  a 
seismometer,  amplifier,  VCO  or  recording  equipment  stay  well  within  the 
57.  limit  and  are  usually  less  than  27o.  The  system  therefore  is  extremely 
flexible.  Its  use  during  special  events  is  greatly  enhanced  by  the  fact 
that  a  vertical  seismometer  can  be  set  up  in  a  very  short  time  and  the 
signal  telemetered  to  the  Geophysical  Institute  if  the  equipment  is 
available.  As  a  test,  we  deliberately  set  up  the  last  station  during  the 
month  of  January  in  temperatures  below  0°F.  It  took  about  A  hours  to  dig 
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the  seismometer  in  the  frozen  ground,  freeze  it  in,  calibrate  it  and 
record  it  at  the  Institute,  despite  the  fact  that  a  quarter  mile  of 
cable  had  to  be  laid  out  on  snow  shoes. 

Cos  t 

Ultimately,  however ,  every  system  will  be  limited  by  its  cost.  A 
compromise,  especially  for  a  university  operated  system,  has  to  be 
achieved  between  Che  basic  requirement  of  a  low  noise  site  and  reliable 
data  link  and  the  overall  cost  of  the  initial  installation  of  the  hardware 
and  the  operational  expenses.  We  believe  that  the  present  system  is  one 
of  the  most  reliable  and  cheapest  in  the  U.  S. 

DESIGN  CONSIDERATIONS 

The  design  of  the  sys.em  was  governed  by  the  previous  two-season 
experience  with  Geotech  model  18300  short  period  seismometers  and 
Electrotech  SPA-1  amplifiers.  It  was  found  that  the  seismometer  could 
be  left  In  its  underground  housing  over  the  winter  (unclamped)  in  the 

t'.attiai  volcanic  range  and  still  be  properly  centered  and  operational  in  the 
following  summer.  Not  a  single  failure  has  occurred  among  seitrvnneters  and 

eight  amplifiers  that  we  have  used  to  this  date.  The  Geotech  seismometer  was 

the  only  one  available  with  temperature  specifications  over  the  full 
range  down  to  **50°C  (without  recentering).  It  is  watertight  to  100  ft. 
of  water  pressure.  Water  tightness  is  essential  for  use  in  Alaska  during 
spring  breakup  and  in  view  of  the  fact  that  the  seismometers  are  covered 
with  up  to  6  or  8  ft.  of  snow  during  the  winter  and  water  is  allowed  to 
Sv.ep  in  the  seise. ^meter  vault. 
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The  construction  of  the  'vault'  had  to  be  very  inexpensive.  Alaska 
labor  prices  are  significantly  higher  than  elsewhere  in  the  U.  S.  and  we 
did  not  intend  to  invest  a  great  deal  in  construction.  Since  Carder 
(1963,  p.  6)  has  shown  that  a  good  tank  vault  is  almost  as  efficient  as 
a  concrete  vault  in  a  similar  geologic  setting  and  under  high  wind 
conditions,  we  opted  for  the  inexpensive  vault  structure.  For  a  winter 
setup,  the  seismometer  is  simply  frozen  into  the  ground.  This  procedure 
has  given  excellent  results  at  the  Pedro  Dome  (PJD)  site. 

SITE  SELECT J. OH  AND  INSTALLATION 

Sites  are  selected  by  considering  (1)  the  noise  cr  teria  outlined 
earlier,  (2)  desired  geographic  locations,  and  (3)  the  availability  of 
a  telephone  terminal. 

Noise  measurements  are  carried  out  at  several  sites  before  the  final 
choice  is  made.  These  are  accomplished  by  using  a  Geotech  model  18300 
seismometer,  an  SPA-1  amplifier  (internal  battery  for  8-hour  operation), 
and  a  single  channel  Sanborn  recorder,  which  is  conveniently  powered 
from  a  car  battery  through  a  DC  to  AC  converter.  Once  a  site  with  a 
telephone  terminal  is  selected,  the  seismometer  is  located  some  distance 
from  the  terminal  in  a  solii  rock  outcrop.  Usually  it  is  necessary  to  dig 
3  feet  or  so  through  the  overburden  to  the  rock.  A  container  of  5  to  10 
gal.  volume  is  cemented  firmly  to  the  rock,  the  seismometer  is  placed 
inside  and  then  connected  by  spiral  4  cable  to  the  remote  telemeter  panel 
at  the  phene  terminal.  All  connectors  are  filled  abundantly  with  si1 icon 
grease  to  avoid  penetration  of  moisLure.  The  container  is  then  c'vered 
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over  with  rock  or  whatever  fill  is  available.  The  whole  process  of 
installation,  including  insertion  of  the  amplifier-VCO  panel  into  the 
telephone  terminal,  calibration  of  the  seismometer  and  checking  of  the 
signal  at  the  Geophysical  Institute  takes  Just  the  time  the  concrete 
around  the  container  needs  to  set.  The  investment  into  such  a  site  is 
therefore  limited  to  the  time  spent  for  installation  and  two  sacks  of 
concrete,  the  container  being  found  easily  and  the  spiral  4  cable  being 
obtained  on  the  surplus  market. 

REMOTE  EQUIPMENT 

Seismometer  and  Amplifier 

The  research  goals  dictate  a  system  sensitive  in  the  frequency  band 
from  about  1  to  20  cycle/sec  and  a  dynamic  range  of  approximately  60  to 
70  db.  The  Geotech  model  18300  seismometer  and  the  Electrotech  amplifier 
SPA-1  were  chosen  since  these  components  have  proven  their  reliability 
under  Alaskan  conditions.  A  remote  station  subsystem  is  described  in 
Fig.  2  and  seismometer  and  amplifier  response  are  presented  in  Figs.  5 
and  6  (manufacturer's  data). 

DATA  TRANSMISSION 

The  data  transmission  could  be  achieved  in  different  ways  over  the 
existing  telephone  system.  Either  a  digital  system  or  an  FM  system  is 
feasible.  Because  of  the  wide  and  standardized  use,  we  opted  for  the  FM 
system.  One  question  remained  unresolved:  Should  we  use  the  IRIG  standard 
system  with  constant  percentage  frequency  deviation  from  the  carrier 
frequency  or  the  constant  band  width  system  (which  is  not  yet  standardized) 


7 


i 


WT.  iAiAtr 


Technically  speaking,  the  IRIG  system  gi'es  a  different  phase  delay  In  a 
different  channel  for  a  given  data  frequency  to  be  transmitted.  This 
problem  becomes  very  serious  if  a  small  tripartite  net  with  only  a  few 
kilometers  seismometer  spacing  is  used  and  a  time  resolution  of  a 
millisecond  or  so  is  needed.  The  phase  delay  between  the  lowest  and  the 
highest  center  frequency  channel  which  can  be  transmitted  on  a  regular  phone 
liPi  amounts  to  about  8  milliseconds.  In  a  net  of  greater  dimensions, 
this  time  delay  ia  negligible  compared  to  other  infltielces,  such  as  the 
geology  of  the  site  or  even  station  elevation.  In  addition,  the  ptice 
for  a  constant  bandwidth  system  (avoiding  differences  in  phase  delays) 
is  about  150  to  200  dollars  more  per  channel.  Such  a  constant  bandwidth 
system  is  not  an  "off-the-shelf"  item. 

Voltage  Controlled  Oscillator 

To  simplify  further  the  operation,  we  wanted  to  use  a  simple  power 
supply  with  only  one  voltage  required  for  the  seismic  amplifier  and  the 
variable  voltage  controlled  oscillator  (VCO),  with  the  negative  end 
grounded.  Small  power  consumption  was  not  a  prime  requirement  since 
commercial  power  is  available  at  rue  telephone  terminals  where  the 
amplifier-VCO  panel  is  installed.  After  very  helpful  discussions  with 
Mr.  Ed  Sparf.s  (Earthquake  Mechanism  Laboratory,  San  Francisco)  selection 
was  made  of  Dorsett  Electronics  fully  transistorized  model  0-18  VCO, 
which  covers  a  larger  dynamic  range  than  required  (see  Appendix),  and 
which  is  available  with  IRIG  Standard  Center  frequencies  of  channels  1 
through  7  with  maximum  frequency  deviations  of  ±7.57».  Total  power  con¬ 
sumption  for  one  telemeter  panel .  which  Includes  a  seismic  amplifier,  2 
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VCO's  and  one  separation  amplifier,  is  60  to  65  ma  at  26V.  Two  trans¬ 
mitting  channels  are  required  for  each  seismometer  to  cover  a  70  db 
dynamic  range.  The  SPA-1  amplifier  outputs  are  30  db  apart.  Since  the 
frequency  response  of  the  3  lower  IRIG  telemetering  channels  is  much  more 
limited  than  the  required  15  to  20  cycle/sec  response  (for  a  modulation 
index  MI  ■  5)  the  three  channels  with  the  lower  center  frequencies  ate 
used  to  transmit  the  low  gain  channels  of  the  amplifier  at  the  various 
stations  since  the  high  frequency  content  of  signals  from  seismic  events 
diminishes  with  increasing  magnitude.  A  separation  amplifier  including  an 
isolation  transformer,  is  used  between  the  2  VCO's  or  a  station  and  the 
phoneline  input  (see  Fig.  2). 

The  seismometers  have  the  standard  coil  configuration  (1600)  and  a 
damping  resistor  for  0.7  critical  damping  ij  soldered  dire.tly  into  the 
case.  Since  the  amplifier  input  resistance  is  higher  (2.2  k0),  a  slight 
missmatch  results  but  the  cable  resistance  of  about  20 ft  per  roil  of  spiral 
4  cable  does  not  significantly  affect  the  calibration  if  more  than  one 
roll  length  is  required.  Figures  5  and  6  show  the  relative  response  of 
the  seismometer  and  the  amplifier  system  for  various  filter  settings  of 
the  amplifier.  It  was  found  that  incorporating  the  different  filter 
positions  directly  into  the  amplifier  facilitates  the  operation  in  sites 
of  unknown  noise  background  and  adds  greatly  to  the  system's  flexibility. 

RECEIVING  AND  RF.CORr~'V  EQUIPMENT 

Discriminator 

Up  to  seven  carrier  frequencies  can  be  mixed  in  one  phone  channel 
for  transmission  to  tho  Geophysical  Institute.  There,  each  phone  line  is 
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terminated  by  an  isolation  transformer.  The  output  of  the  transformer 
is  then  shunted  by  two  10  volt  Zener  diodes  in  order  to  eliminate  the 
possibility  of  the  introduction  of  potentially  harmful  voltage  spikes 
into  the  Astrodata  Model  405-1G1  discriminators.  The  discriminators 
are  silicon  solid  state  devices.  They  are  all  housed,  together  with  an 
Astrodata  model  405-800  power  supply,  in  a  405-900  rack  adapter.  Each 
discriminator  requires  a  nominal  3  Watts  X  from  the  power  supply.  Major 
control  points  and  the  level  setting  are  accessible  on  the  front  panel  of 
each  discriminator.  Since  the  beginning  of  the  operation,  we  have  had 
trouble  with  only  one  of  the  discriminators.  The  discriminator  output 
current  is  limited  to  ±15  ma,  and  the  output  voltage  required  for  maximum 
deviation  (±7.57.  of  center  frequency)  can  be  continuously  adjusted  from 
±1  to  ±10  V.  We  have  adjusted  all  discriminators  to  the  same  output  level 
as  the  VCO's  input  level  for  band  edge  deviation.  The  deviation  polarity 
for  both  VCO  and  discriminator  is  positive.  This  means  that  an  input 
signal  increasing  in  a  positive  sense  causes  the  output  frequency  of  the 
VCO  to  rise  and,  conversely,  that  an  increased  input  frequency  to  the 
discriminator  results  in  an  output  which  is  increasing  positively.  Each 
discriminator  includes  a  three  pole,  low  pass-high  frequency  cut  off  filter 
(18  db/octave).  We  have  chosen  a  constant  amplitude  response  with  a  cutoff 
frequency  at  20  cycle/sec.  Figure  7  shows  the  transmission  response  of 
the  VCO-discriminator  circuit.  Each  pole  of  the  filter  can  be  obtained 
with  different  cutoff  frequencies.  Using  one  pole  with  cutoff  at  the 
seismometer  frequency  and  the  two  others  with  cutoff  at  20  cycle/sec,  a 
flat  response  to  ground  moM  pn  may  be  obtained  front  1  to  20  cycle/sec. 
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Recorder 


Each  discriminator  output  is  fed  through  a  20  K 0  resistor  to  the 
16-cycle/sec  galvanometers  of  the  Geotech  model  4000  C  Develocorder , 
which  records  up  to  20  channels  on  a  16  mm  film  at  30  mm/min  film  speed. 

The  film  is  viewed*  using  this  device,  at  X10  magnification.  All  figures 
on  magnification  which  are  quoted  in  this  paper  are  related  to  this  viewer. 
Figure  8  shows  the  response  of  a  galvanometer  circuit,  including  the  in¬ 
put  resistor,  at  the  setting  used.  The  overall  response  of  the  PJD 
station  from  ground  motion  to  trace  amplitude  is  given  in  Fig.  9  for 
different  filter  settings  (for  calibration  see  later  section).  Filter 
settings  at  the  remote  stations  are  adjusted  to  noise  conditions,  but 
we  try  to  retain  all  frequencies  below  10  cycle/sec.  A  Geotech  model 
2484  Helicorder  is  used  for  monitoring  any  station.  The  receiving  and 
recording  system  is  depicted  in  Fig.  3. 

Timing 

The  time  marks  for  the  develocorder  are  obtained  from  two  sources: 

a)  The  Geophysical  Institute  time  standard  which  generates  minute  marks 

-2 

on  the  signal  traces.  Accuracy  of  this  sytem  is  better  than  10  sec 

.9 

and  drift  rates  are  of  the  order  of  10  per  day.  b)  A  Sprengnether 
model  TS  100  crystal  chronometer  which  generates  minutes  and  hour  marks 
on  a  separate  time  channel.  This  clock  also  drives,  from  its  60  cycle/sec 
output,  a  6  RrM  synchronous  motor,  which  operates  a  microswitch  and  puts 
10  sec  marks  on  all  traces.  The  position  of  the  microswitch  is  adjustable 
by  a  simple  screw  to  correct  offset  due  to  aging  of  the  TS  100  chronometer. 

A  standby  radio  receiver  and  a  time  signal  convertor  complete  the 
system. 
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SYSTEM  CALIBRATION 


In  an  attempt  at  standardization,  and  in  order  to  avoid  confusion, 
we  use  only  the  standard  coil  in  all  of  the  Geotech  model  300  seismometers 
which  are  used  by  the  Geophysical  Institute.  When  a  new  seismometer 
arrives,  the  appropriate  damping  resistor  for  0.7  critical  damping  is 
soldered  into  the  case.  Calibration  coil  constants  are  immediately 
determined  for  each  instrument.  The  subsystem  response  of  the  damped 
seismometer  and  amplifier  is  then  determined  for  different  filter  settings. 
We  adopted  a  cutoff  filter  frequency  of  5  cycle/sec  (F5)  for  field 
calibration  purposes.  It  was  found  that  the  0-to-peak  amplitude  (in  mm) 
on  the  record  resulting  from  a  1  gram  weight-lift  need  merely  to  be 
multiplied  by  241  ±1%  (under  field  conditions)  to  obtain  the  "calibration 
magnification"--the  maximum  of  the  response  curve  at  5  cycle/sec.  In 
order  to  perform  this  test,  the  gain  of  the  amplifier  must,  of  course,  be 
turned  down.  A  typical  output  (at  F5  and  72  db  attenuation)  for  a  1  gram 
weight-lift  is  1.9  volts.  Deviations  from  this  figure  due  to  i  irorchange 
of  the  SPA-1  amplifiers  have,  in  no  case,  been  greater  than  ±57.  and 
differences  due  to  using  different  seismometers  are  considerably  less. 

Once  the  seismometer  has  been  installed  in  the  vault,  a  weight-lift 
is  performed  and  the  output  of  the  amplifier  is  measured.  The  response 
of  the  discriminator  (see  Fig.  1)  is  very  flat  to  20  cycle/sec,  at  which 
point  there  is  3  db  attenuation  and  18  db/octave  rolloff.  Since  the 
galvanometer  response  cuts  off  at  a  somewhat  lower  frequency,  the  dis¬ 
criminator  response  is  considered,  for  all  practical  purposes,  to  be  flat. 
The  galvanometer  response  incorporating  a  20  Kfi  decoupling  resistor  has 
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been  measured  (Fig.  8).  Multiplying  the  amplifier  output  by  the 
galvanometer  sensitivity  therefore  yields  the  total  response  of  the 
system  as  referred  to  the  viewing  screen  of  the  develocorder .  This 
presumes,  however,  that  (within  the  frequency  band  DC  to  20  cycle/sec) 
the  input  to  the  VCO  and  the  output  of  the  discriminator  are  set  equal. 

A  response  curve  thus  obtained  is  shown  in  Fig.  9. 

All  seismometers  in  the  system  are  connected  to  the  amplifiers  in 
such  a  way  that  the  weight-lift  (corresponding  to  downward  ground  motion) 
gives  a  negative  pulse  at  the  output  of  the  amplifier,  a  frequency  de¬ 
crease  at  the  output  of  the  VCO  (and  input  to  the  discriminator),  a 
negative  pulse  at  the  discriminator  output  and  a  down-going  pulse  on  the 
view  screen  of  the  recorder. 

GEOGRAPHICAL  LOCATION 

The  geographical  locations  of  the  telemeter  stations  currently  in 
operation  are  given  in  the  following  table: 


Magnification 


Name 

Code 

Latitude 

Longitude 

Altitude 

at  5  c/sec 

Tanana 

TNN 

65° 15. A 'N 

151°54.7'W 

504  m 

Big  Mountain 

BIG 

59°23.4'>! 

155°13. O'W 

562  m 

approx  0.6  to  0.8  x  10 

Sheep  Creek 

SCM 

61°50.0'N 

147°19.7'W 

1020  m 

1.0  x  106 

Pedro  Lome 

PJD 

65°02.1'N 

147°30.5'W 

740  m 

1.6  x  106 

Figure  1  3hows  the  location  of  the  telemeter  stations  TKN,  BIG,  SCM, 
and  PJD,  as  well  as  the  two  conventionally  operated  stations  MCK  and  BLR. 
The  usual  operating  gains  at  5  cycle/sec  are  around  (or  exceed)  1  million. 
Sample  records  are  shown  in  Figs.  11  through  17.  The  station  locations 
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were  chosen  to  cover  the  area  of  the  highest  seismicitv  in  central 
Alaska  (Berg,  1964)  and  the  active  volcanic  area  adjacent  to  Cook  Inlet 
and  in  the  Alaskan  Peninsula.  Sample  maps  for  earthquakes  recorded 
during  the  months  of  February,  March  and  April,  1967  and  located  by  the 
four  telemeter  stations  are  given  in  Figs.  10A  through  IOC. 

NETWORK  SENSITIVITY 

This  section  briefly  deals  with  the  sensitivity  of  the  telemeter 
array  system  fer  recording  distant  earthquakes.  The  results,  however, 
must  be  considered  very  preliminary  and  the  sensitivities  noted  here  do 
not  truthfully  correspond  to  the  full  capabilities  of  the  network. 

First,  these  earthquakes  which  are  here  considered  are  only  ones 
for  which  we  have  provided  readings  to  the  U.  S.  Coast  and  Geodetic 
Survey,  and  for  which  two  or  more  of  our  stations  have  been  acknowledged 
by  that  organization  in  one  of  their  epicenter  determination  reports 
numbered  1  through  13  of  this  year.  The  information  provided  in  Figs. 

11  through  17  are  taken  from  these  reports,  although  the  associated 
epicentral  distances  given  in  the  various  figures  are  only  approximated. 
The  six  traces  on  the  seismograms  (seven  on  the  later  records)  ere 
associated  with  the  individual  seismographic  stations  as  follows  (in  order 
from  top  to  bottom):  (1)  BIG  high  gain  (2)  BIG  log  gain  (3)  SCM  high 
gain  (4)  SCM  low  gain  (5)  TMN  high  gain  (6)  PJI)  high  gain  (7)  secondary 
time  trace.  These  examples  of  representative  distant  earthquakes  are 
ordered  by  increasing  epicer.tral  distances  and  by  region.  It  should  be 
noted  that  only  earthquakes  of  lower  magnitudes  are  included.  The 
seismograms  are  lepo'diirod  at  half  the  scale  at  which  the  image  appears 
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on  the  devel*-  eorder  screen.  Further,  no  special  effort  has  been  made 
during  the  past  months  to  report  very  Weak  phases  arriving  at  the  network 
from  distant  shocks,  and  it  has  not  been  possible  to  achieve  adequate 
global  coverage  in  the  short  period  of  time  (about  2  month r )  that  the 
net  has  been  in  operation. 

It  has  become  increasingly  obvious  that  the  recorded  amplitudes  for 
similar  earthquakes  in  the  same  distance  range  depend  greatly  on  the 
azimuth  of  wave  approach,  and  perhaps  even  more  strongly  on  station 
position  with  respect  to  the  Alaska  Range  and  the  continuation  of  the 
Aleutian  Chain  into  the  Alaska  Peninsula.  An  extreme  example  of  this 
phenomenon  is  provided  by  the  South  Sandwich  Island  earthquake  of 
22  February  1967  (Fig.  17A).  Despite  the  fact  that  PJD  was  operating  at 
higher  magnification,  the  P-wave  at  SCM  showed  twice  the  amplitude, 
although  the  epicentral  distances  were  about  the  same.  The  difference 
in  this  case  seems  certainly  to  be  due  to  the  intervening  mass  of  the 
Alaska  Range. 

The  other  records  show  approximately  the  lower  limit  in  magnitude 
of  easily  recognizable  distant  earthquakes  as  a  function  of  distance. 
Figures  18  through  21  give  the  magnitudes  of  reported  earthquakes-versus- 
distance  individually  for  each  station  (only  earthquakes  for  which  these 
stnticns  are  listed  in  the  U.S.C.&G.S.  epicenter  determination  reports 
have  been  plotted).  Figure  22  gives  the  minimum  recorded  magnitudes 
for  each  station  versus  distance.  It  may  be  pointed  out  that  the 
U.S.C.&G.S.  does  not  usually  report  earthquakes  with  body-wave  magnitudes 
below  4,  so  that  the  sensitivity  in  the  80®  distance  range  is  not  fully 


known.  The  total  sensitivity  (Fig.  22)  is .  in  most  distance  ranges, 
better  thar.  the  theoretical  curve  (which  is  based  on  background  noise 
levels)  given  by  Carder  (1963)  for  the  College  ’’.S.C.&G.S.  station, 
and  exceeds  it  in  the  distance  range  from  80°  to  90°  by  0.4  to  0.7 
of  a  magnitude.  In  this  same  report,  Carder  gives  the  907.  capability 
of  the  Wichita  Mountain  Observatory.  In  the  distance  range  from  80° 
to  90°,  the  Geophysical  Institute's  telemetered  network  nearly  equals 
that  Observatory's  sensitivity.  Even  greater  sensitivity  may  actually 
exist,  but  cannot  be  documented,  since  the  U.S.C.&G.S.  epicenter  reports 
do  not  list  many  of  the  smaller  earthquakes  which  are  actually  recorded 
by  the  net. 
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